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ABSTRACT 340

This paper describes the derivation of a series of equations
capable of predicting the kinetic temperature of the aerospace environ-
ment from 100 to 60,000 kilometers above the surface of the earth., The
equations, which are programmed on a GE 225 computer, can be used to

predict temperature-height profiles for any time through December 1992E

NASA - GEORGE C, MARSHALL SPACE FLIGHT CENTER



[

NASA - GEORGE C, MARSHALL SPACE FLIGHT CENTER

Technical Memorandum X-53104

August 10, 1964

AN AUTOMATED MODEL FOR PREDICTING THE KINETIC TEMPERATURE. OF THE
AFEROSPACE ENVIRONMENT FROM 100 TO 60,000 KILOMETERS ABOVE
THE SURFACE OF THE EARTH

By

Robert E, Smith

AERO-ASTROPHYSICS OFFICE
SPACE ENVIRONMENT GROUP
AERO-ASTRODYNAMICS LABORATORY
RESEARCH AND DEVELOPMENT OPERATIONS



Symbol

FT1

FT2

FZ

FZ1

DEFINITION OF SYMBOLS
Definition

geomagnetic activity index

correction factor for diurnal heating effect

correction factor for variability of daily mean value
of solar flux

correction factor for variability of the monthly mean
value of solar flux

altitude variation of thermosphere lapse rate

altitude variation of correction factor for the diurnal
heating effect

daily mean value of 10.7 centimeter solar radio noise
flux (x 10~22yatts per meter? per cycle per second)

monthly mean value of 10.7 centimeter solar radio noise
flux (x 10°22 yatts per meter® per cycle per second)

yearly mean value of 10,7 centimeter solar radio noise
flux (x 1022 watts per meter? per cycle per second)

annual mean sunspot number
Local Standard Time in hours and tenths
altitude in kilometers

altitude of thermopause in kilometers

iii



TECHNICAL MEMORANDUM X-53104

AN AUTOMATED MODEL FOR PREDICTING THE KINETIC TEMPERATURE OF THE
AEROSPACE ENVIRONMENT FROM 100 TO 60,000 KILOMETERS ABOVE
THE SURFACE OF THE EARTH

SUMMARY

A set of analytical expressions for predicting a time, solar flux,
and geomagnetic activity dependent kinetic temperature-height profile of
the upper atmosphere above the earth's surface is derived from the data
presented by L. G. Jacchia in Smithsonian Institution Astrophysical
Observatory Research in Space Science Special Report No. 150, dated
22 April 1964 [1]. Although the data sample is far from adequate and
the concept of kinetic temperature in this altitude range is very nebu-
lous, the data that can be provided by this automated predictive model
is required to insure the orderly refinement of space vehicle design
criteria. Values of kinetic temperature predicted by this model are
compared in Figure 1 with the 1959 ARDC Standard and the 1962 U. S.
Standard Atmosphere.

I, INTRODUCTION

In a previous paper [2], a model for predicting density-height pro-
files in the aerospace environment from 200 to 60,000 kilometers above
the earth's surface was developed through an analysis of current satel-
lite observations. This is the second model of the series whose final
model will be one which predicts the vertical distribution of the molecu-
lar weight of the aerospace gas and its temporal and spatial variability.
An approach similar to the one employed in Reference 2 was used in this
development.,,

II. DISCUSSION

The first step was the fitting of a curve by the least squares method
to the data presented by Jacchia in Reference 1 combined with the kinetic
temperature at 100 kilometers quoted in the 1963 Patrick Reference Atmosphere
[3] assuming an almost isothermal structure above a thermopause whose
height varies with solar activity [1]. Equation (1), below, is a general
equation for the temperature-height profile above 100 kilometers above



the earth's surface at 0400 Local Standard Time (LST) when the 10.7 centi-
meter solar radio noise flux is 67 x 1022 watts per meter® per cycle per
second and the geomagnetic activity index, ap, is zero,

T(04,67,67,Z) = (z - 100)/(0.002022168Z - 0.19844) + 210,00,

1)

Equation 2 will predict the height of the thermopause based on the
monthly mean value of the 10,7 cm solar radio noise flux assuming a
linear variation between Jacchia's heights of 220 kilometers at
70 x 10~22 y/m@-c-s and 400 kilometers at 220 x 10~22 w/m®-c-s [1].

zy = (6/5) Sy + 135. (2)

Equation (3), below, which will predict a kinetic temperature
envelope at any altitude, Z, at any time of the day, tj, for any solar
radio noise flux, Sp and Sy, and any geomagnetic activity condition,
aps incorporates all the corrective factors derived by Jacchia [1].

»

=t + (3.1 £ 1.9 1 + FT(Fz1
T(tL:SDQSFizsaP) [ (04,67,67:Z) + ) ap} [ Fre ):I

+ FZ [FTI (SD - 67) + FT2 (SF - 67)]. 3

The variability of the coefficient of a_ is due to the latitude dependence
of the geomagnetic activity effect. The lower value, 1.2, should be used
in mid-latitude regions, 30° - 40°, while the higher value, 5.0, should

be used in the auroral zones, 70° - 80°, If the a, values are unknown,
then zero should be used in the equation and the resulting temperature
will be the temperature predicted for a geomagnetically quiet day [4].




In Equation (3), FT is a factor which will adjust the basic tempera-
ture-height profile for the diurnal heating effect. The equation for
this factor which varies from a minimum of 0.0 at 0400 LST to a maximum
of 0.3 at 1400 LST is

6
FT = ZE: a; cos ip + bi sin i@ 4)
i=0
where
a, = 0.1505
a, = 0.14347377 b, = 0.3674753 x 1071
a, = 0.8 x 10°2 b, = -0.11835672 x 10~1
as = -0,11666666 x 10~2 b = -0,21666666 x 102
a, = 0,15 x 10~2 b, = -0.13333333 x 10-2
ag = -0.23071033 x 10-2 bs = 0.858005 x 10-%
ag = 0.000,

In equation (3), FZ1 is the factor which makes the diurnal heating
effect altitude dependent so that the diurnal variation increases from
zero at 100 kilometers to 1.3 at and above 120 kilometers.

FZz1 = (0.38 - 0.00275Z) (Z - 100.0) &)}

for 100 = Z = 120 kilometers and FZl = FZ1l evaluated at 120 kilometers
for Z > 120 kilometers.



In equation (3), FZ is a factor which makes the temperature lapse
rate in the thermosphere altitude as well as solar activity dependent,
The equation for this factor, which varies from 0,00 at 100 kilometers
to approximately 0.85 at a 400 kilometer thermopause, is

FZ = (Z - 100.0)/(1.1096938Z - 92,828785) (6)

for Z = Zy and FZ = FZ evaluated at Zrp for Z > Zy.

FTl, a factor which adjusts the predicted temperature for the daily
variation, Sp, in the mean solar radio noise flux, varies from a minimum
value of 1,9 at 0400 LST to a maximum value of 2.4 at 1400 LST., 1If the

daily mean value of the 10.7 cm solar flux is unknown, then the value
for Sp should be used.

6

FT1L = }: ci cos ipg + di sin ig )
i=

where
¢, = 2.15083333
c; = 0.23646679 d; = 0.58034166 x 10™%
co = 0,14166666 x 10-1 ds = -0,24537375 x 10-%
cs = 0.16666666 x 1072 ds = -0.16666666 x 10~2
c, = -0.83333333 x 10-3 d, = -0.16666666 x 10-2
cs = -0,31334583 x 1072 dg = 0.29916666 x 1073

¢ = 0.83333333 x 1073,




In Equation (3) FT2 is the factor which adjusts the predicted
temperature for the variation in themonthlymean solar radio noise flux.
The magnitude of this factor varies from a minimum of 4.5 at 0400 LST to
a maximum of 6.0 at 1400 LST.

FT2 e, cos ig + fi sin ip (8)

[~1e

i=0

where

eo = 5.26416666

e, = 0.70135016 £, = 0.16649887

e, = 0,50833333 x 10-1 f, = -0,11833333

es = -0.83333333 x 1072 ~ £5 = 0.00000000

e, = -0.91666666 x 10~2 f, = -0.14433705 x 10-2
es = -0.30168333 x 10-2 f5 = 0.13501121 x 10-%
ec = 0.41666666"2,

In equations (4), (7), and (8), & = (t; - 14.00) /12 where ty, = Local
Standard Time in hours and tenths on a twenty-four hour clock.

The following set of equations was extracted from Reference 2, They
will provide the solar activity predictions for use as input data. Equa-.
tion (9) is used to convert either the known or predicted mean annual
sunspot number, SS, to the mean annual value of 10.7 cm solar radio
noise flux, Sy. Equations (10a) and (10b) then convert this mean annual
value to the mean monthly value, Sy, that would be predicted if the
earth's orbit about the sun were circular, Equation (11) corrects this
monthly mean value for the eccentricity of the earth's orbit according



to the data presented by Das Gupta [5]. These equations, when combined
with a subjective prediction of the annual mean sunspot number from
Figure 2, will provide all the data required to compute the predicted
temperature-height profile envelopes.

8
S, = z‘ g. SSj (9)
Y i .
j=0
where
g, = 67.80036 gs = -0.261604186 x 10-8
g, = 0.414498444 gs = -0.159036136 x 10~1°
g- = 0.427501471 x 10-2 g- = 0.140461971 x 10-12
gz = ~0.469543503 x 10-4 gg = -0.274461310 x 10-15
g, = 0.660862973 x 10-°
s =s + X:-6 (s -S,) whenM 2 6 (10a)
M Y 12 Y+1 Y =
S, =S 6 - M (S, - S ) when M <6 . (10b)
M Y 12 Y Y-1
6
- . .. 1
SF SM Z hi cos ig + ki sin ig (11)
i=0




where

h, = 1.00

h, = -0.28737186 x 10~ k, = -0.13090493 x 10-1
hy = -0.10333333 x 1071 ks = -0.12701714 x 10-?
hs = 0.150 x 10~2 ks = -0.350 x 1072

hy = -0.50 x 10-3 ks = -0.20207273 x 10-2
hg = 0.20601563 x 1072 ks = -0.24095063 x 1072
hg = 0.28333333 x 10-2

and = (M - 6) /6 where M is the month of the year beginning with
January = 1, February = 2, etc.

EDP Routine

The following routine is programmed for use on a GE 225 computer.
Input data for this program consists of the time of day, ty, the month
of the year, M, the geomagnetic index, a,, the sunspot number, SS, the
daily mean 10.7 cm solar radio noise flux, Sp, and the altitude, Z. The
output consists of the time of day, TL, the geomagnetic index, AP, the
sunspot number, SS, the month of the year, M, the altitude Z, the com-
puted temperature, T, and the 10.7 cm solar radio noise flux, SF.
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MODEL FOR cUMPUTING UPPER ATMOSPHERE YEMPERATURE
(

SMITH JUB NUMBER 550120

cOMMON S81301, FMIL2), 2(50]), SFH(?].SFKI7laGt9l.
1F171,F17)2C17),D17)aAL17), Bl?).%Y(3OI

Pilbs, 54359878
As, 150b
Al218,14347377
Al31weBE=2

i A[b]loi5E'2

l41l~.11°666665 -2

Al6)==,23074033E=2
A(7)n0.

rRzg,
B(2]e,3674753E~1..

Bl5)ar,11835671E~1
Bl4)aw.21666666E-2 .

R[5}e",13333333E~2
Rlo)aaBDBO05EmE e e
B[7ll0. .

£82,15083333 . __

Cl2)me23646679
Cl3}mel4166666E~1

Cld4)nel6666666E~2

CI5)m=,83333333E=-3
Clé6)u=,31334583E~2 -
£17)ne83333333E3

nso,
D{2)8,58034166E=1 .

Ni3)we,24537375E-1
DI4)s»,16066666E=2

D(5)a-.16666665 2

- DIA)m29016666E=T

Dl7]!0'
E35,26416666

El2)=.70135016
_E(3)]a2.50833333E~1

El4)m~.B3533333E~2
El5)w=91666666E~2

L El7)1me41666666E=2 .

Fl61u=,30168333E~2

F=o,
Fl2])m,16649887

Fi3)x-.11833333
F(4l.01

. Flo)mel3501121E~1

FI5)x=:14433705E~2

Fl7l-0.
G267.,80036

GI2)w.419498444
Gl318,9427501471E=2

Gl4)w=,469543503E~4

Gl5)ns660862973E~6
Giplaw,.261604186E~8

L B17)me159036136E~10

G[8)1w,140461971E~12
Gl9)aw,27446131E=158




6. MODEL FOR cOMPUTING_UPPER ATMOSPHERE TEMPERATURE.

CFHEYq o U

SFH[2]=+,28737186Ex1
SFH{3]8=,10333333Emy

GFH{4)®,15E=2
SFH{K]u= BE=3.

SFH16)®,20601563E~2
§FHI7!'.2833333335-2

SFKmQ,
SFK[2)nw 13090493Ewy

SFK(3]18=,12701714E~1

SFKl4])ae, 35E~2
SFK[5)8=,20207273Ew2
SEEI6|..|2$"25“sz-2

SFK(7]m0,
RCD, 10P

PRINT 5
FORMAT [1mW1)

GO Tn (15,201,10P

RCD NMsNZ s TL AP, SD,SS{ 1), (FMIT), 181,NM),iZ(1)s1ntsNZ])
NS=y )

GO Y0 30

20

RCD NMoNSeTL,AP,SD,Z{1),1FMIT],181,NM)o(8SITY12I=12NS]).
NZs1

30

0 SY CALCULATION & * & % % * =« =«

DO 35 [misN8
SYlli=sa
N0 32 Ku2,9

32
3%

sYt11=SY!l1¢GlK)t88t!lt-lK-11
CONT INUE

_40

DO 150 ]231,N2
Tis{72{iZ1=100.1712, 0221bnEvsgz[lzl -,19844}142¢ 40,

R T

43

 ERRm420.

IF(lell-120 ’41)41.42

ERR=2(12)

60 Tn 43

L)

CONTINUE
£2121.38-+00275+ERRI*[ERR=100,1.

DO 145 [S®1,NS

50

DO 140 JME1,NM o
IFIFMIIMI»6,180,50,50
IFLIS*NS170,60,60

60

SMasSyY (18]
60 _Tn 90

c EQTN 9 A " EE R EEEEEE

SMaSY[IS)*IFMIIM]=6,1/12, *(Sy[1S+1]eSYL1S]).

70

.80

88
90

‘IF(l§’1160-60185

GO Tn 90

SHISVIIS)-IQ.-FMIIM]lliz *(SY[ISI-SY(IS-&)]
PHIs(FM[IM]e6,]ePl6

SFeESFH

DO 95 132,7 e : ; e

_ANGEFI*PH]

o5

Fizlel

SFESF+SFH{1]+COSFIANG] «+SEK (] 1 #SINF [ANG)
SFaSM*SE
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MODEL

FOR nOMPYTING YPPER ATMOSPHERE TEMPERATYRE
2786,*%5F/5,4135,

THa{TL=14+]2P]6/2.
FT=aA

FT2=F

FTisc

po 105 1=2,7
Finlel

1085

ANGRP [ *TH

SANGuSINF [ANG)

CANGsCUSF (ANG)
FT2aFT2+E{1)«CANG*F[T]lwSANG
FTisFT1+ClI)*CANG+D[1]*SANG
ETaFT+Al1]»«CANG+BI]])*SANG

110
~-120

130
131

1F1Z112)=27)110,110,120 .
FZa(z21121°100,1/01.1096938+72117)-92,828785).
G0 Tn 130

FZul2T=1004}/711,1096938w2T~ 92 R2a785) .
1Fisn=1,01131, 131a132

ERRsSE

..132

134

_1FT2+1SF=67,1]

GO Tn 134
ERR=SL. N
T=l1, *FTtFlil*lTi*l.Z'API*PZ*(FTI'(ERR~67 e

PRINT 136:TL,AP, SS(IS];FM(IMI-Z!!Z]A

10.

1T.SF

136 FORMATL///7/72HTLEL17,.9,2X2KAPE17.9, 2X2HSSE17,9,
e 12 X2HM _E17 9//2HZ EB17.9.,2%2HT E17,.9.2XEHSFEL7,.9])
140 CONTINUE
145 CONTINUE

150 CONTINUE

60 I 1

END




ITI. RESULTS

Figure 3 depicts the diurnal variation of the temperature-height
profile on a geomagnetically quiet day in the mid-latitudes when the
10.7 cm solar radio noise flux is 100 x 1022 w/m®-c-s.

Figure 4 depicts the diurnal variation of the temperature-height
profile on a geomagnetically quiet day in the mid-latitudes when the
10.7 cm solar radio noise flux is 250 x 10~23y/m®-c-s.

Figure 5 depicts the variation with solar activity of the tempera-
ture height profile in the mid-latitudes at 0900 LST.

Figure 6 depicts the variation with solar activity of the tempera-
ture at mid-latitudes at 0900 LST at constant heights of 200 and 600
kilometers above the earth's surface during the period from July 1964
through December 1992,
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FIGURE 3. DIURNAL VARIATION IN TEMPERATURE-HEIGHT PROFILE AT 96 x 10™°%w/m°-c-s
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